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Chapter 1. General Introduction 
The research field of terminal borylene complexes (LnM=BR) has grown rapidly, because their 
unique structures and high reactivity have attracted a huge interest.
[1]
 Since the first structurally 
characterized terminal borylene complexes were synthesized by salt elimination,
[2]
 various synthetic 
method, such as borylene transfer, halide abstraction, and -migration, have been developed and numerous 
borylene complexes have been synthesized. On the other hand, the reactivity of terminal borylene 
complexes is a relatively new field. Even though the history of this field is short, diverse reaction modes 
have been discovered. For example, reactions of borylene complexes with alkynes are useful ways to form 
unsaturated boracycles via transfer of a borylene fragment to alkynes.
[3]
 Reactions of borylene complexes 
with alkenes have been reported to lead to insertion of a borylene fragment into a CH bond of alkenes to 
form vinylboranes or their complexes.
[4]
 In this thesis, I report the synthesis of cationic borylene 
complexes with a bridging hydrido ligand, and the reactions of these complexes with alkynes and alkenes. 
A positive charge of cationic borylene complexes enhances the electrophilicity of the boron center and 
leads to the unique reactivity toward alkynes and alkenes. 
 
Chapter 2. Syntheses of Neutral and Cationic Hydrido(borylene)tungsten Complexes 
    Tilley et al. have recently reported the synthesis of a cationic silylyne complex by hydride abstraction 
from the silicon of a hydrosilylene complex.
[5]
 Because a base-stabilized hydroborylene complex is 
isoelectronic with a hydrosilylene complex, if the former is once synthesized, hydride abstraction from it 
would become a new convenient synthetic method for cationic borylene complexes (Scheme 1). From this 
viewpoint, I started the research on the synthesis of base-stabilized hydroborylene complexes and hydride 
abstraction from them. 
 
 
 
Scheme 1. Hydride abstraction from a base-stabilized (hydroborylene) complex. 
 
    Treatment of the methyl(pyridine)tungsten complex Cp*W(CO)2(py)Me
 
with borane-NHC (NHC = 
N-heterocyclic carbene) adducts gave NHC-stabilized hydrido(hydroborylene)tungsten complexes 
Cp*(CO)2W(H)(BH·NHC) (1a: NHC = 
Me
I
i
Pr, 1b: NHC = 
Me
IMe), which have been fully characterized 
(Scheme 2). A strong WHB interaction in 1 was demonstrated by X-ray crystal structure analysis and 
NMR spectroscopy. The cationic hydrido(borylene)tungsten complexes Cp*(CO)2W(H)(B·NHC) (2a: 
NHC = 
Me
I
i
Pr, 2b: NHC = 
Me
IMe) were immediately generated by hydride abstraction from 1 with 
B(C6F5)3 and were characterized by NMR, IR, and HRMS spectroscopy. The broadening of the 
1
H NMR 
signal of the hydrido ligand of 2 is analogous to that of 1 indicating the existence of a W−H−B 3-center 
bonding interaction. 
 
Scheme 2. Synthesis of neutral and cationic hydrido(borylene)tungsten complexes. 
 
 
Chapter 3. Reactions of a Cationic Hydrido(borylene)tungsten Complex with Internal Alkynes 
    Stepwise reactions of the cationic hydrido(borylene) complex 2a with internal alkynes were found to 
occur. The first step is the hydroboration of a C≡C triple bond of the alkynes with 2a (Scheme 3). The 
products 3a−3d are the first examples of the cationic 
3
-boraallyl complex. 
 
Scheme 3. Formation of cationic 
3
-boraallyl complex 3. 
    
Complexes 3a, 3b, and 3d were confirmed as trans-addition products with respect to the 
3
-boraallyl 
ligand by X-ray crystal structure analysis. The formation of 3 can be explained by a mechanism involving 
cycloaddition, -CAM, and rotation of a CC bond (Scheme 4).  
 Scheme 4. A possible formation mechanism of 
3
-boraallyl complex 3. 
 
    The second step is the formation of cationic benzoborole complex 4 from cationic 
3
-boraallyl 
complex 3 via an intramolecular C−H activation of the Ph group (Scheme 5). Free benzoborole is known 
to dimerize easily at room temperature but, in complexes 4, it is stabilized by coordination of the W 
fragment and the NHC. 
 
Scheme 5. Conversion of cationic 
3
-boraallyl complex 3 to cationic benzoborole complexes 4. 
 
A possible mechanism for formation of benzoborole complex 4 is shown in Scheme 6. The 
electrophilic boron center of -agnostic intermediate e assists -bond metathesis to give -B−H agnostic 
intermediate g. The rate of the reaction from phenyl-substituted 3c to 4a is much faster than that from 
ethyl-substituted 3d to 4b. This result supports the mechanism through the boron-assisted C−H activation. 
The silyl-substituted complex 3b was not converted to benzoborole complex 4 due to the existence of 
-silicon effect that stabilizes the electrophilic boron center of the intermediate e. 
 
Scheme 6. A possible formation mechanism of cationic benzoborole complex 4. 
 
    The final step is the formation of cationic boraindenyl complex 5 induced by dissociation of a CO 
from cationic benzoborole complex 4b (Scheme 7). The structure of 5 with a new bonding mode was 
confirmed by X-ray crystal structure analysis. 
 
Scheme 7. A possible formation mechanism of cationic boraindenyl complex 5. 
 
 
Chapter 4. Reactions of a Cationic Hydrido(borylene)tungsten Complex with Alkenes 
The reactions of the cationic hydrido(borylene) complex 2a with styrene and its analogs generated 
cationic vinylborane complexes 6a−6c as an insertion product (Scheme 8). The structures of 6a−6c are 
similar to that of cationic benzoborole complex 4 that adopts a 
2
,
2
-coordination mode.  
 
 
Scheme 8. Reaction of cationic hydrido(borylene) complex 2a with alkenes. 
 
    The insertion reaction can be explained by a mechanism shown in Scheme 9, which is similar to that 
for the formation of cationic 
3
-boraallyl complex 3 (Scheme 4). Coordination and cycloaddition of alkene 
occur to give an agostic intermediate j. Subsequent hydride migration to the electrophilic boron center of k 
led to formation of cationic vinylborane complex 6. 
 
Scheme 9. A possible formation mechanism of cationic borapropene complex 6. 
 
 
  
Chapter5. Conclusion 
The results described in Chapter 3-4 show that the cationic borylene complex 2a would be applicable 
to the preparation of new boron containing cyclic species. An important finding is that the intramolecular 
C−H activation is assisted by the electrophilic boron center. This was also observed in the reactions of 2a 
with alkenes. These results will accelerate the development of new metal catalysts for the synthesis of 
boracycles. 
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